Background: Valproic acid (VPA) is one of the most widely used antiepileptic drugs. Hair loss, color changes, thinning, and curliness have been reported in patients treated with VPA. In the present study, we aimed to analyze the ultrastructure of the hair of children treated with VPA via electron microscope.
Introduction
Valproic acid (VPA) is an antiepileptic drug widely used in the treatment of epilepsy as well as bipolar disorders [1] . Gastrointestinal complaints, weight gain, liver dysfunction, and thrombocytopenia are well-defined side effects of VPA [2] . It has been reported that VPA has several effects on the hair growth, including hair loss, thinning of the hair, and hair color changes [3] [4] [5] [6] . The prevalence of VPA-induced hair texture changes was reported to be 11% in a study done in adults [7] . The effects of VPA on hair occur usually after 3 -6 months of the treatment [3] . Although different kinds of hair changes have been reported, the ultrastructure of the hair of children treated with VPA has not been adequately explored.
In the present study, we aimed to analyze the ultrastructure of the hair of children treated with VPA via electron microscope.
Materials and Methods
The present study was performed between November 2015 and February 2016 at Department of Pediatric Neurology. Epileptic children who had been treated with VPA for at least 12 months were taken as research group. All children had had generalized convulsions and their brain magnetic resonance imaging was normal. All children reported that they were suffering from hair loss with varying degrees severity that had occurred after the initiation of VPA therapy. The physical and neurological examinations of all children were normal, and all had been seizurefree for at least 12 months. The blood VPA levels were measured and the daily dosage of drug was calculated in mg/kg/day. To exclude the diseases affecting scalp, all children were examined by a dermatologist. Two healthy non-epileptic children were accepted as control. All hair samples were collected in follow-up visits and examined at the Electron Microscopy Research Unit of Marmara University, Faculty of Medicine.
The hair samples were mounted on metal stubs with double-sided adhesive carbon band. The samples were coated with gold in a BIO-RAD SC502 coating apparatus. Then, they were examined and photographed under a JEOL 5200 JSM scanning electron microscope (Tokyo, Japan). The surfaces and cuticular patterns of the hair shaft were investigated.
Results
The research group was composed of 12 epileptic children (nine females and three males) with a mean age of 11.08 ± 3.26 years ( Table 1 ). The mean dosage and the mean blood level of VPA were measured as 28.66 ± 6.67 mg/kg/day and 88.58 ± 23.92 µg/L, respectively. The mean duration of treatment was The results of laboratory investigations, including thyroid function tests, complete blood count, serum electrolytes, serum folate, vitamin B12 levels, and ferritin were all within normal limits. The dermatological examinations of all children were all normal.
Scanning electron microscopy of hairs in both patients ( Fig. 1) and control (Fig. 2 ) demonstrated normal ultrastructural appearance of the hair surface and cuticular pattern.
Discussion
VPA is an antiepileptic molecule widely used. Hair loss, color changes, thinning, and curliness have been reported in patients treated with VPA [3] [4] [5] [6] . In a study, 2% of patients were found to develop curliness of the hair [6] . Those effects occurred usually after 3 -6 months of treatment [3] . In the present study, we examined the hair samples of children treated for at least 12 months, and we revealed normal ultrastructure via electron microscope. VPA-induced hair texture changes may be temporary. Wilting et al [3] reported a 47-year-old female patient who suffered from curling of her hair 1 year after the initiation of VPA treatment. The curling of hair was subsided 5 years later. None of our children reported curling of the hair previously.
The mean blood level of VPA was measured as 88.58 ± 23.92 µg/mL. Gerstner et al [8] reported a 7-year-old male patient who developed changes in hair structure and color after 5 months of VPA treatment. It was reported that those changes occurred after his blood VPA level increased from 135 to 160 µg/mL.
The mechanism of VPA-induced hair changes is unknown. The suggested mechanism is effects of chelating of metals as well as inhibition of metallic enzymes which are essential to hair growth and keratinization [9] . One study reported changes 
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in copper, zinc, and magnesium quantity in the hair of patients treated with antiepileptic drugs (carbamazepine, diphenylhydantion, phenobarbital, and VPA) as compared with health control and schizophrenic patients [10, 11] . Although the main topic of present research was the adverse effects of VPA on hair, Lee et al [11] reported that VPA might activate the Wnt/β-catenin pathway which is important for hair follicle development. During the anagen phase of the hair cycle, activation of the Wnt/β-catenin pathway is required for initiation of hair follicle formation, and stimulates the growth and differentiation of hair by maintaining expression of genes that function. In that study, it was reported that VPA did not induced hair re-growth effect when VPA was orally administered to C57BL/6 mice. However, topical application of VPA significantly promoted hair formation in murine models. The levels of β-catenin in the mice skin were specifically increased via topical VPA.
The neurological examinations of our patients were normal and all patients were primary idiopathic epileptic. The analysis of the hair of epileptic children by either light or electron microscope might provide some other benefits. Smith et al [12] investigated 322 hair samples and reported that the observed abnormalities indicated a specific diagnosis such as Menkes disease in 32% of neurologically impaired children.
The analysis of hair can be an important diagnostic and assessment aid in medical practice and clinical evaluation of drug efficacy. The use of hair analysis has been advocated as a method for assessing therapeutic compliance to antiepileptic drug regimens. It has been well demonstrated that the major antiepileptics, phenytoin, carbamazepine, and VPA are readily recovered and quantified from hair specimens [13] . In the present study, only blood valproic level was measured, and hair samples were not investigated to analyze VPA concentration. This point might be a limitation of the present study.
In conclusion, the results of present study revealed that the ultrastructure of hair was normal in children treated with VPA. Prospective research projects involving larger groups might be helpful.
